tire pressure (Thomas et al., 2014; Hong and Lee, 2010) .
Tire pressure exercises an absolute effect on vehicles' energy consumption and safety. While cars gain momentum as they consume fuel, the manual wheelchair's occupant propels it, using his or her muscles to generate power while turning the wheels (Chow et al., 2001) . Because the occupant directly provides the propulsion, the tire pressure may negatively affect his or her energy consumption and heart rate if it falls to 50 psi or below (Sawatzky et al., 2005) . It can be said that a wheelchair's tire pressure significantly affects the propulsion of a manual wheelchair (de Groot et al., 2013) .
A manual wheelchair is propelled by movements of the shoulders, elbows, wrist joints, and torso. Most wheelchair users suffer from musculoskeletal disorders such as tendonitis due to excessive use of their elbow joints (Monahan et al., 1986) . This study measured the differences in the flexor and extensor muscle activities of the elbow joints based on the tire pressure of wheelchairs during propulsion, investigating the optimal tire pressure for improving occupants' propulsion and avoiding related injury.
Ⅱ. Methods

Participants
Ten healthy volunteers (10 men aged 23.1 ± 1.9 years; age range: 20-26 years; weight: 67.9 ± 3.4 kg; weight range: 62-74 kg; height: 175.1 ± 2.7 cm; height range: 171-179 cm) took part in the study. When selecting the participants, those with malformation or neurological disease in the lower limb and upper limb joints in the past or at the present time were excluded. All the subjects voluntarily participated in this study and signed an agreement on this experiment that contained that they were able to reject participation anytime if they wanted. The experimenter sufficiently explained experimental procedures and cautions prior to the experiment. All of the subjects gave their written informed consent, and the researchers' institutional review board approved the study.
Procedure
The mean values used in the statistical process were obtained from values measured while a subject sitting on a wheelchair propelled himself forward for 10m on a flat floor at maximum speed. The standard wheelchair type with the pneumatic tire (Primo v-track 24×1 3/8-inch tire, Primo, USA) was used for this study. The height of the wheelchair seat was fixed when a subject sat on the wheelchair with his elbow joints bent at 90 degrees (Lee et al., 2012; Lee, 2009) The floor was made of marble.
The tire pressure of the wheelchairs was set at 100 psi, 50 psi, and 25 psi. These pressures were reported as displaying differences in energy consumption in other studies. All of the subjects performed wheelchair propulsion for each pressure (Sawatzky et al., 2005) . 
Ⅲ. Results
The muscle activities of the biceps brachii were 49.79 at 100 psi, 73.80 at 50 psi, and 74.77 at 30 psi; these measurements reveal significant differences between each pressure group (p<.05). The muscle activities of the triceps brachii were 33.82 at 100 psi, 49.00 at 50 psi, and 53.76 at 30 psi; these also revealed significant differences between the pressure groups (p<.05). The post hoc test found statistically significant differences between 100 psi and 50 psi and 100 psi and 25 psi for the biceps brachii and triceps brachii muscles, respectively (p<.05). (Table 1 ).
Ⅳ. Discussion
The purpose of this study was to investigate the effects of tire pressure, the only part of a wheelchair that touches the ground, on the biceps brachii and triceps brachii muscles during wheelchair propulsion.
Effective wheelchair propulsion is important for both caregivers and wheelchair occupants (Lee et al., 2013) .
Propulsion of a manual wheelchair is achieved via the muscle activities of the occupant; thus, studies are required to investigate effective methods for its propulsion.
The results of this study showed that tire pressure significantly affected muscle activities of the biceps brachii and triceps brachii during wheelchair propulsion. The muscles were less active at 100 psi than at 50 psi and 25 psi. The more the tire pressure decreased, the greater the area that came into contact with the ground, generating more friction against the ground (Thomas et al., 2014) .
Therefore, these results are considered to be due to the friction force increases by changes in the area touched with the ground because of decrease air pressure of the tire.
Such an increase in friction may require more muscle activity in wheelchair propulsion. In this study, 50 psi tire pressure caused sufficient changes in muscle activity, the same pressure that has been reported as negatively affecting energy consumption and heart rate (Sawatzky et al., 2005) .
This study was limited in that it observed only the elbow joints with three different levels of tire pressure. Further studies are needed to observe other joints and muscles during wheelchair propulsion using a variety of tire pressures on spinal cord injury patient. 
Ⅴ. Conclusion
Muscle activity is an important factor to consider when setting up a wheelchair for an individual. The decrease tire pressure by a superannuated tire increase muscle activity on upper limb muscle. The maintaining proper tire pressure in a wheelchair may help to prevent musculoskeletal injury in the occupant's elbow and shoulder joints.
